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Early in  the  study of blood  viscosity the  attempt was made  to 
study the  effect in  vivo  of increase of carbon dioxide on  the blood 
viscosity by determining its coefficient before and after venous stasis 
induced  by  a  loosely  applied  binder.  The  assumption  was  made 
that by raising the venous pressure for a time the passage of arterial 
blood through the capillaries would be delayed, the amount of carbon 
dioxide would  be  increased,  and  this  would increase  the  viscosity, 
since it has been shown in  vitro  that saturating blood with  carbon 
dioxide increases the internal resistance (1).  It was thought that a 
concentration of red blood cells in the capillaries might accompany 
this increase in viscosity, for Cannon,  Frazer, and Hooper  (2)  have 
shown that in shock the capillary count is higher than the venous. 
Method. 
The common method of taking blood from a  finger, even when a 
spring lance was used, did not seem to offer the possibility of obtain- 
ing 0.2  cc. of blood rapidly enough to fill the viscosimeter without a 
considerable  loss  of  carbon  dioxide,  and  in  addition  it  was  found 
difficult to prevent small bubbles of air from entering the instrument. 
The attempt to use capillary blood for viscosity determinations was 
then given up and only venous blood used. 
A  few preliminary determinations of hemoglobin with the Palmer 
method  (3)  showed  so  rapid  a  deterioration  of  the  standard  that 
values obtained with it on different days were not comparable.  This 
did  not,  however,  affect  the  comparative  value  of  determinations 
made on the same day, so that the 1 per cent standard was often used 
even though the absolute hemoglobin value was not obtained.  Even 
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the 20 per cent solution of carbon monoxide hemoglobin as prepared 
in  this  laboratory  sometimes  faded  rapidly in  a  few days.  Thus  a 
20 per cent standard made on February 1 read 26 per cent lower when 
compared with  a  fresh  one prepared  on  February  3.  On  the same 
day hemoglobin determinations made by the Palmer method on the 
dame venous blood taken directly from the nozzle of the syringe with 
each of two 0.05  cc.  pipettes,  on some of the blood which had been 
poured into a  test-tube and well agitated, and on a  solution made by 
diluting  1  cc.  of the  blood  to  100  cc.  with  0.4  per  cent  ammonium 
hydroxide checked to within  1 per cent  with  the  value  found by the 
gasometric method of Van Slyke (4). 
EXPERIMENTAL. 
Effect of Increase in Venous Pressure on Venous and Finger Blood. 
Experiment  1 shows the comparative concentration  of venous and 
finger blood  and  the  effect  of  increase in  venous pressure  on both. 
Experiment/.--Blood was taken with a Record syringe from an arm vein with- 
out any constriction, put into the small glass cup containing dry oxalate, and the 
viscosity determined in  the usual manner.  At the  same time the  finger  was 
punctured  for the red cell  count  and  hemoglobin  determination,  the  Palmer 
method being used for the latter.  The blood pipettes had been carefully calibrated 
with mercury.  A binder was then loosely applied to the arm, care being taken 
not to obstruct the flow of arterial blood into the arm.  The determinations were 
then repeated after an interval of from 2 to 10 minutes.  The results are shown 
inTable I. 
TABLE  I. 
Venous  blood  Finger blood. 
Viscosity  .............. , ...............................  6.80 
Red blood cells  .......................................  6,490,000 
Hemoglobin, 10er cent  ..................................  133 
6,265,000 
130 
Binder for 2 rain. 
Viscosity  .............................................  8.33 
Red blood cells .......................................  6,220,000  5,935,000 
Hemoglobin, per cent  ..................................  140  137 LOVELL ~osTgo~  609 
Experiment 2.--This experiment was similar in every respect to Experiment I. 
The results are shown in Table II. 
TABLE  II. 
Venous blood.  Finger blood. 
Viscosity  .............................................  8.3 
Red blood cells .......................................  4,940,000  5,520,000 
Hemoglobin, per cent ..................................  132  135 
Binder for 2 rain. 
Viscosity  ..............................................  9.40 
Red blood cells .......................................  5,800,000  5,980,000 
Hemoglobin, per cent ..................................  141  143 
Experiment 3.--This experiment was similar to Experiment 1. 
shown in Table IH. 
The results are 
TABLE  III. 
Venous blood.  Finger blood. 
Viscosity .............................................  8.69 
Red blood cells .......................................  6,450,000  6,250,000 
Hemoglobin, per cent ..................................  143  143 
Binder for 2 rain. 
Viscosity  .............................................  10.6 
Red blood ceils .......................................  5,630,000  5,300,000 
Hemoglobin, per cent ..................................  154  152 
Except in Experiment 2 the venous count was always slightly higher 
than the finger count.  That this is probably accidental is shown by 
the  hemoglobin determinations which give no  consistent difference 
between the finger and vein and check within a  reasonable limit of 
error.  It was concluded that in approximately normal individuals 
such as were used for this study there was no difference in  the red 
cell concentration in the capillaries and veins that could be  detected 
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Effect of Increase in Venous Pressure on Hemoglobin. 
After even so short a  period as 2 minutes there was a  very consid- 
erable  rise  in  hemoglobin which was  accompanied by a  marked  in- 
crease in viscosity.  Experiment 4 confirms this increase in hemoglobin 
after venous stasis. 
Experiment 4.--Blood was taken from an arm vein before and after application 
of a binder for 10 minutes and the oxygen-carrying power  determined.  From 
this the hemoglobin was calculated from Van Slyke's tables.  The figures in Table 
IV show the results. 
TABLE  IV, 
Hemoglobin, per cent (gasometrlc) ..........................................  109.3 
Binder for 10 rain. 
Hemoglobin, per cent"  (gasometric  ) ..........................................  119.1 
Relation of Carbon Dioxide Content, Oxygen Unsaturation, and Oxygen- 
Carrfing Power to Viscosity. 
The attempt was made to determine whether  this increase in  vis- 
cosity was  associated  either  with  an  increase  in  the  carbon  dioxide 
content  or  the  oxygen unsaturation.  Blood was  taken  before  and 
after  application  of  a  binder  and  analyzed for total plasma  carbon 
dioxide,  plasma  bicarbonate,  or  oxygen-carrying power  and oxygen 
content. 
Experiment 5.~Blood for the viscosity determination was taken from an arm 
vein with a Record syringe  from which  1 cc. was immediately put into a small 
glass cup containing a small portion of powdered  oxalate.  The remainder  was 
introduced by means of a glass tube and rubber connection into a centrifuge tube 
containing a  little  powdered  oxalate  and a  small  quantity of paraffin  oil,  and 
immediately centrifuged.  The plasma was  then pipetted off, the total carbon 
dioxide determined, and, after saturation with alveolar air, the plasma bicarbonate. 
Table V shows the results. 
Experiment 6.--The procedure here was the same as in Experiment 5.  Table 
VI shows the results. 
Experiment 7.--This experiment  differs only in the results,  which are shown in 
Table VII. 
Experiment  8.--This  experiment  is  similar  to  the  others.  The  results  are 
shown in Table VIII. LOVELL  LANGSTROTH 
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Viscosity  ............  ....................................................  4.57 
Total' COs in plasma, vol.  per cent ...........................................  57.6 
Plasma bicarbonate, vol.  per cent ........  ~ ....................................  65.3 
Binder for 10 n~u. 
Viscosity  ................................................................  6.03 
Total COs in plasma, vol.  per cent ...........................................  52.8 
Plasma bicarbonate, vol.  per cent ............................................  60.3 
TABLE  VI. 
Viscosity  ................................................................  6.56 
Total COs in plasma, vol.  per  cent ...........................................  62.7 
Plasma bicarbonate, vol.  per cent ............................................  68.4 
Binder for 10 rain. 
Viscosity  ................................................................  8.63 
Total CO2 in plasma, vol.  per cent ...........................................  63.5 
Plasma bicarbonate, vol.  per cent ............................................  69.4 
TABLE  VII. 
Viscosity  ................................................................  7.54 
Total CO~ in plasma, vol.  per cent ...........................................  59.5 
Plasma bicarbonate, vol.  per cent ............................................  60.5 
Binder for 10 min. 
Viscosity  ...........................  ~  ....................................  8.50 
Total CO2 in plasma, vol.  per cent ...........................................  65.3 
Plasma bicarbonate, vol.  per cent ............................................  69.1 
TABLE  VIII. 
Viscosity  ................................................................  8.22 
Total COs in plasma, vol.  per cent ...........................................  63.4 
Plasma bicarbonate, vol.  per cent ............................................  65.5 
Binder for 10 min. 
Viscosity  ................................................................  9.73 
Total CO2 in plasma, yd.  per cent ...........................................  55.8 
Plasma bicarbonate, yd. per cent ............................................  59.6 612  BLOOD  VlSCOSi~. 
In Experiments 5 to 8 there was a  constant rather marked increase 
in viscosity following the rise in venous pressure.  The plasma bicar- 
bonate was constantly higher  than  the  total carbon dioxide,  but the 
value  of neither  followed  consistently  the  viscosity, being, higher  in 
Experiments 6  and 7 but lower in Experiments 5 and 8 after increase 
in  the  venous  pressure.  It  seemed  evident  from these  results that 
the increase in viscosity following a rise in venous pressure could not 
be attributed  to changes in the carbon dioxide content  of the blood. 
Experiment  9.--1  cc. of a 20 cc. sample of blood taken from an arm vein with 
a Record syringe was immediately placed in a small glass cup containing a very 
small portion of oxalate and the viscosity determined.  The remainder of the 
specimen was passed through a glass tube and rubber connection into a test-tube 
containing a small amount of oxalate and a little paraffin oil and the oxygen content 
and oxygen-carrying power were determined.  Table IX shows the results. 
TABLE IX. 
Viscosity  ................................................................  7.99 
Venous 0~, vol. per cent ....................................................  15.56 
02-carrying power, vol. per cent .............................................  24.39 
02 unmturation,  vol. per cent ................................................  8.83 
Binder for 10 rain. 
Viscosity ................................................................  8.63 
Venous 02, ~ol.  per cent ....................................................  10.99 
O,-carrying power, vol. per cent .............................................  26.73 
O, unsaturation,  vol. per cent ...............................................  15.74 
Increase in viscosity, per ¢~nt  ..............................................  8.0 
Decrease in venous 02, per cent .............................................  29.4 
Increase in O2-carrying  power, per cen~ ......................................  5.6 
"  in 02 unsaturation,  per cent ........................................  56.1 
Experiment  10.--The procedure was the same as in Experiment 9.  The results 
appear in Table X. 
Experiment//.--The  procedure was similar to that in Experiment 9.  Table 
XI shows the results. 
There was a  constant  increase in  the  oxygen unsaturation values, 
though in Experiment 9  it was very large while in Experiment  11  it 
was  comparatively small.  The  venous  oxygen  decreased  markedly LOVELL  LANGSTROTH  613 
in  Experiment  9,  very  slightly  in  Experiment  10,  and  actually  in- 
creased in Experiment 11.  There was a large increase in the oxygen- 
carrying power in each case. 
TABLE  X. 
Viscosity ................................................................  6.64 
Venous 02, vol.  per cent ....................................................  13.71 
(h-carrying power, ~ol.  per cent .............................................  24.90 
(h unsaturation, voi  per cent ...............................................  11.19 
Binder for 10 rain. 
Viscosity  ................................................................  7.12 
Venous 02, vol.  per  cent ...................................................  13.25 
Orcarrying power,  vol.  per  cent ............................................  30.37 
02 unsaturation, voL per  cent ..............................................  17.12 
Increase in viscosity, per cent ..............................................  7.3 
Decrease in venous (h, per cent .............................................  3.4 
Increase in (h-carrying power, per cent ......................................  21.8 
"  in O~ unsaturation, per cent ........................................  29.2 
TABLE  XI. 
Viscosity  ................................................................  6.6 
Venous 02, vol.  per cent ....................................................  11.05 
Oz-carrying power, ~ol.  per cent .............................................  24.13 
02 unsaturation, vol.  per cent ...............................................  13.08 
Binder for 10 rain. 
Viscosity ................................................................  7.74 
Venous 02, vol.  per cent ....................................................  11.95 
(h-carrying power, vol.  per cent ....  ~  26.88 
02 unsaturation, voi  per cent ...............................................  14.93 
Increase in viscosity, per cent ......  .........................................  17.3 
"  in venous 02, per cent .............................................  8.1 
"  in (h-carrying power, per cent ......................................  11.8 
"  in 02 unsaturation, per cent ........................................  14.1 
From the evidence  obtained here it seemed impossible to associate 
the  increase  in  viscosity  with  either  the  change  in  venous  oxygen 
or  the  oxygen  unsaturation.  It  ran  more  nearly  parallel  to  the 614  BLOOD VISCOSITY.  II 
rise  in  the  oxygen-carrying  power.  This  increase  in  the  oxygen- 
carrying  power  could  only be  explained  by a  concentration  of  the 
blood in the capillaries; i.e.,  by a loss of fluid from the blood to the 
tissues with consequent increase in the relative amount of hemoglobin. 
Such a  concentration  should be accompanied  by an increase in  the 
relative volume of the red blood cells, and experiments were therefore 
undertaken to determine whether this took place. 
Experiment  12.--Blood was taken from an arm vein with a Record syringe and 
immedia~ly  placed in a small glass cup containing  a very small amount  of powdered 
oxalate.  The 0.05  cc.  pipette for determination of hemoglobin by the Palmer 
method and a  capillary hematocrit  tube were  quickly filled from  this  cup.  A 
binder was  then loosely applied for  10  minutes and the determinations were 
repeated.  The figures in Table XII show the results. 
TABLE  XII. 
Hemoglobin, per cent ......................................................  126.8 
Hematocrit ..............................................................  41 
Binder for 10 min. 
Hemoglobin, pei" cent ......................................................  140.7 
Hematocrit ..............................................................  54 
Experiment  13.--Blood was taken from an arm vein and immediately placed 
in a test-tube containing a little powdered oxalate.  A hematocrit tube was then 
filled and the remaining blood set aside for determination of the hemoglobin by 
the gasometric method.  A  binder was loosely applied for 10 minutes and the 
procedure repeated.  The figures in Table XIII show the results. 
TABLE  XIII. 
Hemoglobin, per cent ......................................................  136.6 
Hematocrit ..............................................................  47 
Binder for 10 rain. 
Hemoglobin, per cent ......................................................  141.6 
Hematocrit ..............................................................  50 
These  experiments  showed that  the  increase  in  hemoglobin  after 
rise in venous pressure was accompanied by a similar increase in the LOVELL  LANGSTROTH  615 
relative volume  of  the red blood cells.  In order to show in  vitro  the 
effect of  an  increase  in  the  relative volume  of  the  red cells on  blood 
viscosity Experiment  14 was carried out. 
Experiment  14.--16  cc. of blood were taken from an arm vein with a  Record 
syringe containing a little powdered oxalate, 8 cc. being placed into each of two 
tubes and a few drops of paraffin oil added.  After allowing the corpuscles to settle 
0.8 cc. of plasma was removed from one of the tubes and both were then thoroughly 
stirred under oil by up and down movement of a stirring rod flattened at the lower 
end to nearly the inside diameter of the tube.  1 cc. of whole blood was removed 
from each tube and the viscosity determined. 
Viscosity. 
Whole blood .............................................................  9.59 
Blood minus 10 per cent of volume in plasma ...............................  12.33 
This  experiment  demonstrated  that  an  increase  in  the  relative 
volume  of  the  red  blood  cells  caused  an  increase in  the  viscosity of 
the whole blood. 
It was of further'interest  to  discover whether  the fluid lost to  the 
tissues was plasma or whether  the plasma itself became more concen- 
trated  by  loss  of  fluid  and  therefore  more  viscous.  Experiment  15 
was undertaken  to determine this point. 
Experiment  15.--15  cc. of blood were taken from an arm vein with a  Record 
syringe containing a little dry powdered oxalate, and put into a centrifuge tube. 
A  specimen was removed for determination of the oxygen-carrying power, a few 
drops of paraffin oil were added, and the remainder was centrifuged at high speed 
so that the plasma could be pipetted off.  The total nitrogen of 1 cc. of plasma 
and the plasma viscosity were determined.  A binder was loosely applied to the 
arm for 10 minutes and the procedure repeated.  The figures in Table XIV show 
the results. 
TABLE  XIV. 
O~-carrying power, vol. per cent ...........................................  24.3 
Viscosity of plasma .....................................................  1.89 
Total nitrogen in 1 cc. of plasma, gm  ......................................  0.0105 
Binder for 10 min. 
O~-carrying power, vol. per cent ...........................................  27.9 
Viscosity of plasma .....................................................  2.30 
Total nitrogen in 1 cc. of plasma, gm ......................................  0.0126 616  BLOOD  VISCOSITY.  II 
This experiment showed that a rise in venous pressure was accom- 
panied  by an  increase  in  viscosity and  total  nitrogen  of  the  blood 
plasma, and therefore by a concentration of the plasma.  An increase 
in the viscosity of the plasma is therefore a  factor in the increase in 
the viscosity of the whole blood after a rise in venous pressure. 
CONCLUSIONS. 
A  rise in venous pressure caused by application  of a  loose binder 
to the arm results in a marked increase in the viscosity of  the  whole 
blood which is primarily due to a concentration of the blood in the cap- 
illaries.  This concentration is shown by an increase  in  the  viscosity 
and total nitrogen of the plasma, an increase in the relative volume of 
the  red  blood  cells,  and  an  increase  in  the  relative percentage  of 
hemoglobin. 
Change  in  the  viscosity of  whole  blood  following  venous  stasis 
apparently  bears  no  demonstrable  relation  to  the  carbon  dioxide 
or oxygen content. 
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